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预处理。最佳使用 pH 值为 6，在 25 °C -45 °C 之间温度对其影响不大，发酵液
中蛋白含量与硫酸铝用量存在一定的关系。通过验证，此法对放线菌发酵液预处
理也是适宜的。 
第二：以提取质量和 HPLC 指纹图谱为依据，对 3 类不同类型的 13 种大孔
吸附树脂进行了筛选，以及组合搭配，通过质谱分析探究将筛选出的 3 种不同类
型的树脂串联吸附是否具有优势，最后以 254 nm 吸光值变化趋势和 HPLC 跟踪
分析对串联树脂的吸附以及解吸条件进行了初步探索。结果表明：将非极性大孔
吸附树脂 DM11，中极性树脂 HPD400 和极性树脂 SD300 3 种不同类型的树脂串
联，可以尽可能多的吸附发酵液中的小分子代谢产物,并可以节约树脂用量。
DM11：HPD400：SD300 较适宜的搭配比例约为 2:2:3；确定的吸附条件为：吸
附温度为 5°C，吸附 pH 值为 5，上样流速为 4 BV/h 时较适宜，放线菌上样量约
为 10 BV，细菌约为 32 BV。确定的洗脱条件为：初步分段梯度点的甲醇水比例















甲醇洗 2 BV；洗脱流速为 1.5 BV/h 较适宜。 
第 3：以分离度与分辨率为依据，从易分离极性化合物的四种高效液相分析
色谱中筛选出了适宜的色谱柱，并对所筛选色谱柱的梯度条件进行了优化。结果
表明：柱 4（NMU C18，4.6×250 mm，5μ）适合分离海洋微生物发酵液粗提物，
采用梯度条件 3 能较好的兼顾极性部分与非极性部分化合物的分离。并采用





条件的转化进行了初步探究；以发酵液粗提物为对象考察了 26×460 mm 制备柱
的上样量；最后对分段制备是否可解决分离度的问题做了初步的考察。结果表明：
制备柱采用干法装填的效果比较好；26×460 mm 的制备柱适宜的流速为 40 
mL/min，起始梯度有机溶剂比例相对分析条件极性部分需下调 5%-10%，非极性
部分约下调 5%，梯度运行时间可根据公式 4-4 进行转化；为保证一定的分离度，
































A high throughput extraction and preparative separation technology was studied 
in this thesis. The purpose of this work is to establish small molecule metabolites 
fraction libraries for preliminary screening of bioactive substances. This work creates 
the foundation for building a library of active small molecule metabolites from marine 
microorganisms. More details are as follows: 
Firstly, to improve the filtration rates, the technology of pretreating fermentation 
broths of marine bacteria and actinomycetes was studied. With marine bacteria as the 
main research objects, fermentation broths were pretreated by flocculation. The 
optimum flocculation was screened by comparing the light-transmittance at 610nm, 
the rates of filtration, the removal ratio of proteins and polysaccharoses from eight 
kinds of flocculations. Al2(SO4)3 and poly-AlCl3 were chosen as two candidates for 
further screening. The effects of their application on extracting small molecule 
metabolites from marine bacteria were investigated by HPLC (high performance 
liquid chromatography). The effects of four kinds of solid-liquid sepration methods 
were compared to pretreat the fermentation broths of marine bacteria. The results 
were as follows: Using Al2(SO4)3 as flocculant leads to rapid flocculation, high 
removal ratio of protein and polysaccharose, and pellucid filtration. The application of 
Al2(SO4)3 did not increase the Al concent of crude extracts. The optimum flocculation 
pH is 6 and the optimum temperature range is 25°C to 45°C. The dosage of Al2(SO4)3 
and the protein concent of fermentation broths have some correlation. The method is 
adaptable to most marine bacteria. What is more, the pretreatment method is proved to 
be adaptive to actinomycetes. 
Secondly, suitable resins were screened and combined from 13 different kinds of 
macroporous resins by comparing extract masses and HPLC fingerprints. The 
advantages of using three types of resins in group was studied by mass spectrometry. 















trend of absorbance at 254nm and by comparing HPLC fingerprints. Results are as 
follows: the combination of three types of resins—DM11, HPD400, and SD300, can 
adsorb more small molecule metabolites from fermentation broths, and to some extent, 
can optimize the dosage of resins. The suitable collocation ratio of 
DM11:HPD400:SD300 is about 2:2:3. The optimal adsorption temperture is 5°C and 
the optimum pH values is 5. The suitable flow rate is 4 BV/h and the the loading 
amount is about 10 BV for actinomycetes and 32 BV for bacteria. The optimal 
desorption conditions are as follows: the preliminary segmentation ratio of methanol 
and water is about 50:50, the desorption gradient and volume is successively water—2 
BV, 20% methanol in water—2 BV, 50% methanol in water—1.8 BV, and 
methanol—2BV. The proper flow rate is 1.5 BV/h.  
Thirdly, a suitable HPLC column is chosen from four kinds of columns, which 
are designed to separate polar compounds, by comparing their degree of separation 
and resolution. The gradient conditions were then optimized for this column. Results 
show that NMU C18 (4.6×250mm, 5μ) is satisfactory for the separation of crude 
extracts of marine bacteria and actinomycetes. The third gradient condition can 
separate polar compounds and nonpolar compounds very well. The fingerprints of 
crude extracts are characterized with HPLC-PDA-ELSD and UPLC-PDA-Q-TOF MS 
to offer more physico-chemical information. 
Lastly, the preparative column efficiency is investaged with the dry and wet 
column packing method, by comparing the reproducibility of chromatographic peak, 
the repeatability of column packing, the degree of separation and peak symmetry. The 
feasibility of converting analysis conditions into preparative conditions is 
preliminarily studied by evalution of column efficiency for both analysis column and 
preparative column with uracil, nitrobenzene and fluorine. Loading amount and 
preparation with segmentation are preliminarily studied. Results show that the dry 
column packing method of is better than the wet method. For the 26×460 mm column, 
the proper flow rate is 40 mL/min and the gradient run time can be calculated by 
formula 4-4 with decreased initial concentration of organic solvent. The loading 
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自 1966 年 Burkholder[8] 等从波多黎各海域分离得到的食溴假单胞菌
（Pseudomonas bromotilis）产生的含溴吡咯类抗生素硝吡咯菌素（Pyrolnitrin），
标志着从海洋微生物分离抗生素的开始，但因为实验条件的限制，对于海洋微生
物代谢产物的研究在 20 世纪才发展起来，根据 Scripps 研究所 Fenical 教授的报

















Mitchell 等人[10]从海洋沉积物放线菌 Streptomyces aureoverticillatus 中分离
得到一种具有抗肿瘤活性的化合物，结构表明该化合物为结构新颖的大环内酰胺
类物质。Furumait 等人[11]从海洋小单孢菌 TP-A0468 的培养液中分离得到一类醌
环类抗生素（Kosinostatin）和异醌环素 B，Kosinostatin 对多种癌细胞有抑制作
用。Koehn etal[12]从委内瑞拉水域的蓝绿藻巨大鞘丝中分离到一种结构新颖的脂
肽(Microcolin A)，是一种很强的免疫制剂。 Capon 等人[13]从维多利亚 Lorne 海
岸采集到的海洋放线菌 ( MST-MA190) 培养液中分离到两个芳香氨酸类化合物 
( Lorneamides A 和 B)，活性研究结果显示， Lorneamides A 对枯草杆菌的 LD99 
的质量浓度为  50 g/ mL，具有中等抗生素活性。Charan 等人 [14]从放线菌
Micromonospora sp. 中获得一种新型的生物碱化合物[ Diazepinomicin (1) ]，研究
表明，该物质具有抗菌活性。Edrada 等人[15]报道了从海绵 Xestospongia exigua 体
内的 Penicillium cf . montanense 发酵液中分离提取到十元大环内酯结构的活性
物质(Xestodecalatone A- C)，其中化合物 B 对白色念珠菌 Candida albicans 具有
抑制作用。Botos I 等人[16]从一株海洋蓝细菌( Nostocellipsosporum) 分离得到一
个由 101 个氨基酸组成的抗 HIV 蛋白 —cyanovirin2N (CV2N)，它能阻断 HIV 
对宿主细胞的黏附和入侵，CV2N 对不同株 HIV 均有显著的抑制活性。Mariadhas 
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